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METHODS FOR PRODUCTION OF RECOMBINANT UROKINASE 

CROSS-REFERENCES TO RELATED APPLICATIONS 
[0001] This a|yplication claims priority to U.S. provisional applications 60/463,632, 
filed April 16, 2003, 60/498,134, ffled August 26, 2003, and Chinese patent ^plication 
03134847.S, filed September 25, 2003, which are incorporated by reference in tfieir entirety. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 

DEVELOPMENT 

[0002] This invention was made with U.S. Government sxq)port SBIR 1 GRANT 1 

R43 HL075883-01. The U.S. Government may have certain rights in this invention. 

BACKGROUND OF THE INVENTION 
[0003] Urokinase is a serine protease that cleaves plasminogen to produce active 

plasmin, thus playing a key role in fibrinolysis. Clinically, this activity has been e:?qploitcd for 
the treatment of thrombosis, including thrombotic stroke, pulmonary embolus, deep vein 
tiirombosis, and the like. 

[0004] Urokinase is initially synthesized as a 41 1 amino acid precursor protein with 12 

intrachain disulfide bonds. Pro-urokinase is activated to mature urokinase by a proteolytic 
event which clips the backbone after Lysiss. generating a disulfide-linked two-chain molecule. 
Urokmase produced for clinical iqyplications is purified fiom collected urine, which raises 
safety and reproducibility conc^iis. 

[0005] Recombinant forms of urokinase, including ^'low molecular weight urokinase** 

(which has the amino temunal 1 25 amino acids deleted) and other variants have been 
reported See Qrsini et al. (1991, Ew. J. Biock 195:691-97), liu et al. (2002, Circ. Res. 
90:757-63), Tang etal, (1997,Prot Express. Purif 11:279-83), Winkler etal, (1986, 
Biochem. 25:4041-45) and V.S. Patents Nos. 5,188,829, 5,219,569, and 5,472,692. 
[0006] Pro-urokinase, ^en expressed at high levels in bactoia, accumulates in the 
form of insoluble "inclusion bodies" or "tefiactile bodies.'' Hie protein contained in these 
insoluble particles is misfolded, and must be "unfolded' (denatured, including reduction of 
mis-paired disulfide bonds) before it can be folded into the correct conformation. A number 
of refoldmg protocols have been reported, including U.S. Patents Nos. 4,5 1 1,503; 4,599,197; 
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U.S. Patent PubUcation 2001/0044521 (U.S. Pat. No, 6,583^68); 2003/0199676; PCT WO 
01/55174. 

[0007] All patents, patent applications, and publications cited herein are hereby 
incorporated by reference in their entirety. It should be noted that reference to a publication in 
this Background section is not an admission that the publication constitutes prior art to the 
instant invention. 

BRIEF SUMMARY OF THE INVENTION 
[0008] The inventor has discovered simple, highly efiScient methods for production of 

en2ymatically active urokinase. The instant methods utilize, in some embodiments, crude 
bacterially-produced pro-urokinase (e.g., either cell paste or inclxision bodies), and generate 
correctly folded, highly active pro-urokinase or urokinase using only a small number of steps. 
The methods of the instant invention generate overall yields of at least 20-40%, and can be 
used to produce urokinase yn&t activity of at least about 100,000 international units per 
milligram (lU/mg) of protem. bnportantly, flie inventor has found that pro-urokinase 
produced in accordance witii the invention is highly stable in solution (as described hstein^ 
may be stored at -20°C for more &an 6 months), and so is well suited for use in liquid 
formulations of urokinase. 

[0009] Generally, the invention provides methods of producing en2ymatically active 
urokinase or pro-urokinase fix>m pro-urokmase which needs to be properly folded, such as 
pro-urokmase &om inclusion bodies from bacteria cells, by solubilizing, for example, the 
inclusion body protein m a buffer containing disulfide reducmg agents and a hig^ 
concentration of cbaotroph (e.g., 8 M urea or 6 M guanidine HCl) at high pH (le., greater than 
about pH 9), and refolding by reducing the chaotroph concentration and slowly reducing the 
pH to near-neutral (i.e.,pH7.S-8.S). The refolded pro-urokinase may then be purified. For 
production of urokinase, refolded pro-urokinase is digested with an appropriate serine 
protease, such as plasmin or trypsin, either before or after purification of the refolded protein. 
[0010] The invention provides methods for producing refolded recombinant pro- 

urokinase by solubilizing denatured or misfolded pro-urokinase protein with a solubilization 
buffer containing a high concentration of chaotroph, a reducing agent, and having a pH of 
about 9.0 to about 1 1 .0, to produce a solubilized pro-urokinase solution, rapidly diluting the 
solubilized pro-urokinase solution with refolding buffer by adding the solubilized pro- 
urokinase solution into the refolding buffer to produce a diluted solubilized pro-urokinase 
solution, and reducing the pH of the diluted solubilized pro-urokinase solution to a pH of 
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about 7.S to about wherein said pH reducing is carried out over a period of at least about 
20 hours, tfiereby producing refolded pro-urokinase. 

[0011] In certain embodiments the pro-urokinase is human pro-urokinase. 

[0012] In certain embodiments the chaotroph is urea, which may be at about 8 M 

concentration. In other embodiments, the chaotroph is guanidme hydrochloride, which may 
be at about 6 M concentration. 

[0013] In certain embodiments, the solubilizing buffer is about pH 10. In certain 

embodiments, the solubilizmg bufifer is about pH 1 0.5, In certain embodiments, the 
solubilizing buffer is pH about 10.0 to about lO.S. 

[0014] In certain embodiments the pH of the diluted solubilized pro-urokinase solution 

is reduced to about pH 8.0. 

[OOlS] In certain embodunents solubilized pro-urokinase solution is diluted into about 

twenty-fold refolding bufBer. 

[0016] In certain embodiments, the refolding buffer comprises urea at about 0^.8 M to 

about 2.5 M and arginine at about 0.05 M to about LSM. In certain mbodiments the 
refolding buffer comprises uiea at about 2.0 M and arg^iine at about IM. Incertain 
embodiments the refolding buffer comprises urea at about 2.0 M and argmine at about 0.2 M. 
In certain embodiments, the refolding buff(^ comprises guanidine HCl at ^ 
arginine at about 0.2 M. 

[0017] The invention may comprise additional steps at the beginning of the process. 
Thus, in certain embodiments the method includes the preliminary step of lysing bacterial host 
cells comprising denatured pro-urokinase protem and collectix^ said denatured pro-urokmase 
protem. Certain additional embodunents also include washing the denatured pro-urokinase 
proteiiL 

[0018] Tlie mvention may also comprise additional steps at the end of the process. 
Thus, certain embodiments also include purification of the refolded pro-urokinase, such as by 
size exclusion chromatography (SEC), ion exchange chromatography (DEC), heparin afiBnity 
chromatography, hydroxyapatite chromatognqphy, or a combination of these steps, such as 
bofli SEC and EC, SEC followed by cation exchange chromatography, and SEC followed by 
heparin afBnity chromatography and hydroxyapatite chromatography, which can be used m 
either order. 

[0019] In certain embodunents, the invention includes cleaving the refolded pro- 

urokinase to produce urokinase. The urokinase thus produced may have specific activity of at 
least about 1 00,000 international units per milligram (lU/mg) of protein. 
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[0020] In an exemplaiy embodiment, denatured pro-urokinase polypq}tide is 

solubilized with a buffer comprising about 8 M urea and about 100 mM beta-mercaptoetfaanol 
at about pH 10, to produce solubilized pro-urokinase polypeptide, concentration adjusted to 
about 3.6 mg/mL, rapidly diluted about twenty-fold with refolding buffer comprising about 2 
M urea, about 1 M arginine (in some embodiments, the refolding buffer further comprising 
oxidized and reduced glutathione), and the pH of the diluted solubilized pro-urokinase 
polypq)tide is adjusted to about pH 8 over a period of at least about 24 hours. 
[0021] In another exemplary embodiment, denatu3red pro-urokinase polypeptide is 

solubilized with a buffer comprising about 8 M urea and about 100 mM beta-mercaptoethanol 
at about pH 10.5, to produce solubilized pro-urokinase polypeptide, concentration adjusted to 
about 3,6 mg/mJL, rapidly diluted about twenty-fold with refolding buffer comprising about 2 
M urea, about 0.2 M arginine (in some embodiments, the refolding buffer further comprising 
oxidized and reduced glutathione), and the pH of the dUuted solubilized pro-urokinase 
polypeptide is adjusted to about pH 8 over a period of at least about 24 hours. 
[0022] In another exemplary embodiment, denatured pro-urokinase polypeptide is 

solubili;^ with a buffer comprising about 8 M urea and about 1 00 mM beta-mercsqptoedianol 
at about pH lO.S, to produce solubilized pro-urokinase polypq>tide, concmtration adjusted to 
about 3.6 mg/ml^ rapidly diluted about twenty-fold with refolding buffer comprising about 1 . 
M guanidine HCl, about 0.2 M ar^nine Qn some embodiments, the refoldmg buffer further 
comprising oxidized and reduced glutatbione), and the pH of the diluted solubilized pro- 
urokinase polypeptide is adjusted to about pH 8 over a period of at least about 24 hours. 
[0023] In some embodiments, the solubilized pro-urokinase polypeptide solution is 

diluted in a buffer containing about 8 M urea, about 1 0 mM p-merc£^toethimol, about 1 0 mM 
ditfaiothreitol (DTT), about 1 mM reduced glutafhion (OSH), and about 0. 1 mM oxidized 
glutathion (GSSG) at about pH 10.0 or 10.5 to adjust the pro-utokmase concentration to about 
3.6 mg^. 

[0024] The invention also provides properly folded pro-urokinase and urokinase 

produced by the instant methods and compositions comprising properly folded pro-uroldnase 
and urokinase. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S) 
[0025] Fig. la and lb show the nucleotide [SEQ ID N0:1] sequence of the human pro- 

urokinase gene used to produce pro-urokinase protein [SEQ ID N0:2] in Examples 1 and 2. 
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Italicized bases in the nucleotide sequence indicate bases which were changed to increase 
expression efiSciency in E. colL Protein sequence is shown in single letter amino acid code. 
[0026] Fig. 2 shows a Hanes plot of an urokinase activity assay described in Example 
3. 

[0027] Fig. 3 shows the a synthetic nucleotide sequence [SEQ JD N0:5] encoding 
human pro-urokinase protein [SEQ ID N0:2] designed to optimize the pro-urokinase gene 
expression in E. colt. 

DETAILED DESCRIPTION OF THE INVENTION 
[0028] The instant invention provides simple, efiBcient methods for the production of 

recombinant, properly folded pro-urokinase and urokinase. 

[0029] The practice of the present invention will employ, unless otherwise indicated, 

conventional techniques of immunology, molecular biology, microbiology, cell biology and 
recombinant DNA, vMch are within flie skill of the art See, c.g„ Molecular Cloning: a 
laboratory manual, 2*^^ edition Sambrook, et al. (1989); Current Protocols In Molecular 
Biology F. M. Ausubel, et al. eds., (1987); the series Methods In Enzymology, Academic 
Press, Inc.; PCR 2: A Practical Approach MJ. MacPherson, B.D. Hames and GJL Taylor, 
eds. (1995), md Antibodies, A Laboratory Manud, Harlow and Lane, eds. (1988). 
[0030] It should be noted lhat, as used herein, flie smgular form "a", W, and •*the" 
includes plural references unless indicated otherwise. Additionally, as used herein, in 
accordance wifli weU-established principles of patent law, the term '^comprising'' and its 
cognates are used in their inclusive sense; that is, equivalent to the term ^'including" and its 
corresponding cognates. 

[0031] The methods of the invration aro typically practiced utilizing inclusicm bodies 
contaimng pro-urokinase polypqrtide, such as are formed m bacterial (e.g., E. colt) cells 
i^ch have been engineered to produce pro-urokinase, as tiie starting material, but any source 
of draiatured or misfolded pro-urokinase protein may be used. The pro-urokmase may be 
fiom any q>ecies desired, and fix>m any natural or non-natural pro-urokinase sequence, 
according to the practitioner's preference. See, for example, SEQ ID NO:S. The full coding 
sequence of a number of pro-urokinase genes are publicly available (e.g., human, rat, mouse, 
and rabbit pro-urokinase sequences are available from Genbank under the accession numbers 
NM 002658, NM 013085, NM 008873, and AY122285, respectively), and partial codmg 
sequences which would allow the isolation of the full sequence are available for additional 
species (e.g., horse, cow, macaque monkey, etc.). Additionally, altered pro-urokmase genes. 
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such as genes with the deletions of sequences encodmg the secretion signal sequence, genes 
with ""silent" changes which improve expression in the host organism (""optimized'" 
sequences), or genes encoding mutant pro-urokinase vnQi one or more amino acid sequence 
changes may also be used. 

[0032] Examples of non-natural pro-urokinase sequence and mutant pro-urokinase are 

pro-urokinase mutants that are designed to improve pro-urokinase functionality for therapeutic 
purposes. For example, pro-urokinase may be mutated to have a lower intrinsic activity than 
wild type pro-urokinase but have enzymatic activity similar to the wild type pro-urokinase 
when activated. See, e.g., U.S. Pat No. 5,472,692; Sun et al., J, BioL Chem. 272:23818- 
23 823 (1 997). These mutants may cause lower non-specific plasminogen activation and 
bleeding complications than wild type pro-urokinase when administered to a patient Mutant 
pro-urokinases that are resistant to natural Lohibitors of pro-urokinase and activated urokinase 
such as plasminogen activator mhibitors (PAI-1 and PAI-2) have been described. See, e.g., 
Adams et al., J. Biol Chem 266:8476-8482 (1991). These mutants may have prolonged half 
life and activity of pro-urokinase and may have increased therq)eutic potency relative to wild 
type pro-urokinase. Other examples of mutant pro-urokinase are mutants that reduce 
interactipn of pro-urokinase with the urokinase plasminogen activator receptor (uPAR). See, 
ti,%.,Arterioscler. Thronib. Vase Biol 18: 693-701 (1998). These mutants may have reduced 
non-specific activation of pro-urokinase on epithelial cells that line the blood vessel walls 
while away fix>m blood clot and may be unlikely to cause non-sfpecific systemic bleeding. 
[0033] Recombinant (e.g., bacterial, such as E, coli) host cells may be engineered to 

produce pro-urokinase polypeptide using any convenient tedmology. Any suitable host cell 
and e3q)ression system may be used. Bacterial host cells are raemplified herein. Most 
commonly, a DNA sequence encoding flie desired pro-urokinase is inserted mto the 
qypropriate site in a plasmid-based expression vector which provides qipropriate 
transcriptional and translational control sequences, although e^qnession vectors based on 
bacteriophage genomic DNA are also usefiil. It is generally preferred that &e transcriptional 
control sequences are inducible by a change in tiie envhxmment surrounding the host cells 
(such as addition of a substrate or pseudosubstrate to which the transcriptional control 
sequences are responsive), although constitutive transcriptional control sequences are also 
useful. As is standard in the art, it is also preferred that the expression vector include a 
positive selectable marker (e.g., the p-lactamase gene, which confers resistance to ampicillin) 
to allow for selection against bacterial host cells which do not contain the expression vector. 
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[0034] The bacterial host cells are typically cultured in a liquid growth medium for 

production of pio*urokinase polypeptide under conditions appropriate to the host cells and 
expression vector. Preferably, flie host cells are cultured in a bacterial fermenter to nuodmize 
production, but any convenient method of culture is acceptable (e.g. , shaken flask, especially 
for cultures of less than a liter in volume). As will be apparent to those of skill in the art, the 
exact growing conditions, timing and rate of media supplementation, and addition of inducing 
agent (where appropriate) will vary according to the identity of the host cells and the 
expression construct. 

10035] After the bacterial host cells are cultured to the desired density (and after any 

necessary induction of expression), the cells are collected Collection is typically 
conveniently effected by centrifugation of the growth medium, although any other convenient 
technique may be used. The collected bacterial host cells may be washed at this stage to 
remove traces of the growth medium, most typically by resuspension in a simple buffer 
followed by centrifugation (or other convenient cell collection method). At this point, the 
collected bacterial host cells (the ^cell paste") may be immediately processed in accordance 
with the invention, or it may be frozen for processmg at a later time. 
[0036] The cells of the cell paste are lysed to release llie pro-urokinase polypeptide- 

containing inclusion bodies. Preferably, the cells are lysed under conditions in which the 
ceUular debris is sufficiently disrupted that it Ms to appear in tiie peUet 
centrifugation. Conmonly, the cells are suspended in a bufifer at about pHS to 9, prefotibly 
about 6 to 8, using an ionic street of tiie order of about 0.01 M to 2 M preferably about 0.1- 
0.2 M (it is apparentiy undeskable to use essentially zero ionic strengtii). Any suitable salt, 
including NaCl can be used to maintain an appropriate ionic strength level. The cells, while 
suspended in tiie foregoing buffer, are then lysed by techniques commonly employed such as, 
for exansple, mechanical methods such as fieezeAfaaw cycling, tiie use of a Manton-Oaulin 
press, a French press, or a sonic oscillator, or by chemical or enzymatic metiiods such as 
treatment with lysozyme. It is generally desirable to perform cell lysis, and optionally 
bacterial cell collection, under conditions of reduced ten4)erature (i.e., less than about 20® C). 
[0037] Inclusion bodies are collected fiom the lysed cell paste using any convenient 
technique (e.g., centrifugation), then washed. If desned, the collected inclusion bodies may be 
washed. Exclusion bodies are typically washed by resuspending the inclusion bodies in a wash 
buffer, typically tiie lysis buffer, preferably with a detergent added (e.g,, 1% TRITON X- 
100®), then recollecting the inclusion bodies. The washed inclusion bodies are then dissolved 
in solubilization buffer. Solubilization buffer comprises a high concentration of a chaotroph, a 
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pH buffer that buffers the solution to a high pH, and one or more reducing reagents. The 
solubilization buffer may optionally contain additional agents, such as redox reagents, cation 
chelating agents and scavengers to neutialize protein-damaging free-radicals. 
[0038] The instant invention utilizes urea as an exemplary chaotroph in the 

solubilization buffer, although guanidine hydrochloride (guanidine HCl) may also be used. 
Use&l concentrations of urea in the solubilization buffer include about 7.S M to about 9 M, 
about 8 M to about 8.5M, or about 8 M. When the chaotroph is guanidine HCl, useful 
concentrations include about 5 M to about 7 M, or about 5.5 M to about 6.5 M, or about 6 M. 
[0039] The pH of the solubilization buffer is high, viz., in excess of pH 9.0. Useful 

pH levels m the solubilization buffer are in the range of about 9.0 to about 1 1 .0, about 9.5 to 
about 10.5, about 10.0 to about 10.5, about 10, or about 10.5. As will be apparent to those of 
skill in the art, any pH buffering agent (or combination of agents) which effectively buffer at 
high pH are useful, although pH buffers vMch can buffer in the range of about pH 8 to about 
pH 9 or 10 are particularly useful. Useful pH buffering agents include tris 
(tris(hydroxymethyl)anunomethane), bicine (N,N-Bis(2-hydroxyethyl)glycine), HEPBS (2- 
Hydroxy-l,l-bis[bydroxymetfayl]ethyl)amino]-l-propanesuffoi^^ acid) , TAPS ([(2-Hydroxy- 
l,l-bisll>ydn)xymethyl]ethyl)amino]<-l-propanesulfonic dcid), AMPD (2-Amino-2-methyl- 
l,3-propanediol).N-<2-Hydroxye&yl)pipei»ane~N'-<4^^ aci(Q), and the like. The 

pH buffering agent is added to a concentration that provides effective pH buffmng, such as 
fix>m about 50 to about 1 50 mM, about 75 mM to about 125 mM, or about 100 mM. 
[0040] Reducing reagents are included in the solubilization buff^ to reduce disulfide 

bonds and maintain cysteine residues in their reduced form. Usefid reducing reagents include 
^mercaptoethanol,difhiothreitol, and the like. Additionally, the solubilization buffer may 
contain disulfide reshuffling or **xedox^ reagents a combination of oxidized and reduced 
glutathione). When the redox reagents are oxidized and reduced glutathione (GSSG and OSH, 
respectively), the inventor has found that useful concentrations include about 0.1 mM to about 
U mM and useful ratios include about 10:1, about 5:1, and about 1:1 (OSSGcOSIQ. 
[0041] The solubilization buffer may contain additiond components For example, 
the solubilization buffer may contain a cation chelator such as a divaloit cation chelator like 
ethylenediaminetetraacetic acid (EDTA) or ethylene glycol-bis(2-aminoethylether)- 
N,N,N',N*-tetraacetic acid(EGTA). EDTA or EGTA is added to the solubilization buffer at a 
concentration of about 0.5 to about 5 mM, and commonly at about 1 mM. Additionally, a 
free-radical scavenger may be added to reduce or eliminate fiee-radical-mediated protein 
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damage, particularly if urea is used as the chaotroph and it is e3q)ected that a urea-containing 
protein solution will be stored for any sigoificant period of time. Suitable fi:e&-radical 
scav^ers include glycine (e.g., at about 0.5 to about 2 mM, or about 1 mM) and other amino 
acids and amines. 

[0042] The inclusion body/solubilization buffer mixture is incubated to allow full 
solubilization. The incubation period is generally from about sbc hours to about 24 hours, and 
more commonly about eight to about 14 hours or about 12 hours. The inclusion 
body/solubilization biiffer mixture incubation may be carried out at reduced temperature, 
commonly at about 4* to about 10** C. 

[0043] After the incubation is complete, the inclusion body/solubilization buffer 

mixture is clarified to remove insoluble debris. Clarification of the mixture may be 
accomplished by any convenient means, such as filtration (e.g., by use of depth filtration 
media) or by centrifiigation. Clarification should be carried out at reduced temperature, such 
as at about 4° to about lO*" C. 

[0044] The clarified mixture is then diluted to achieve the appropriate protein 

concentration for refolding. .Protein concentration may;be determined using any convenient 
technique, such as Bradford assay, light absorption at 280 nm {Am), and the like. The 
inventor has found that a solution having an A28O of about*2.0 to about 10.0 is appropriate for 
use in the instant methods, such as about 5.0 (q)proximately 3.6 mg/mL). The A280 of the 
solution may be adjusted to any of about 5.0 to about 10.0, about 2.0 to about 8;0, about 2.0 to 
about 5.0, or less than any of about 8.0, about 5.0, about 4.0, about 3.0, or any of about 2.0, 
5.0, 6.0, 8.0, 1 0.0. If desired, this mbcture may be held, refrigerated (e.g. at 4^ C), for later 
processing, althou^ the mixture is not normally held for more flian about four weeks. In 
some embodiments, the solubilized pro-urokinase polypeptide solution is diluted in a buffer 
comprising about 8 Murea, about 10 mM p-merc£q>toettianol, about 10 mM diHuotbreitol 
(DTT), about 1 mM reduced glutafhion (OSIQ, and about 0. 1 mM oxidized glutalMon 
(GSSG) at pH of about 9.0 to about 1 1 .0. In some embodiments, the pH of the buffer is about 
10.0 to about 10.5. In some embodunents, the pH is about 10.0. In other embodiments, the 
pH is about 10.5. In some embodiments, the bufifer comprises 8 M urea, 100 mM tris, 1 mM 
glycine, 10 mM P-mercaptoethanol, 10 mM dithiothreitol (DTT), 1 mM reduced glutathion 
(GSH), and 0.1 mM oxidized glutathion (GSSG) at pH of about 10.0. 
[0045] The concentration-adjusted inclusion body solution is first rapidly diluted about 

20 fold with refolding buffer. The dilution is performed by adding inclusion body solution 
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into the refolding buffer. The inclusion body solution may be diluted about 10 to about 100 
fold, about 10 to about SO fold, about 10 to about 25 fold, about IS to about 25 fold with 
refolding bufifer. Tlie inclusion body solution is diluted to reduce urea and protein 
concentration. The final protein concentration after dilution may be about 0.01 mg/ml to 
about 1 mg/ml, about 0.1 mg/ml to about 0.5 mg/ml. The refolding buffer generally contains 
a low concentration of chaotroph, a pH buffer, and a divalent cation chelator. The refolding 
buffer may also contain a disulfide reshuffling reagent The refolding buffer may include 
additional agents, such as firee-radical scavengers and detergents. "Rapid" dilution, within the 
context of the invention means over a period of less than about 25 minutes, and the dilution 
process is generally carried out during periods of about two minutes to about 25 minutes, or 
about five to about 20 minutes. The diluted solubilized pro-urokinase solution is typically 
held for one to two hours following the completion of the rapid dilution process. 
[0046] Chaotrophs usefiil in the refolding buffer include urea, guanidine, and arginine, 

although the inventor has found that urea alone is ineffective. However, the inventor has 
found that a combination of the urea and arginine is efScacious in the refolding buffer. When 
a combination of urea and arginine is utilized, the urea may be from about 0.8 to about 2.5 N^* 
about 0.9 to about 2 M, about 1 M to about 2.5 M, or about 2.0 or 1 .0 M, and the arginine may 
be &om about O-.OS M to about L5 M, about 02 M to about 1 .0 M, about 0.5 M to about 1 .5 - 
M, about 0.75 M to about 125 M, 'about 0.2 M, or about 1 M. The inventor has also found 
that a combination: of guanidine HCl and arginine is efficacious in the refolding buffer. Whed 
a combination of guanidine and arginine is utilized, the guanidine HCl may be fix)m about 1 
mM to about 1 .5 M, or about 0.05 M to about 1 .5 M, or about 1 M, and the arginine may be 
fix>m about 0.05 M to about 1.5 M, about 0.2 M to about 1.0 M, about 0.5 M to about 1.5 M, 
about 0.75 M to about 1.25 M, about 0.2 M, or about 1 M. 

[0047] Tbe pH buffering agent in the refolding buffer may be any buffering agent or 
combmation of buffering agents that are effective pH buffers at pH levels of about 8 to about 
9 or 10. Useful pH buffering agents include tris (trisO[iydro}Qrmethyl)aminomettiane), bicine 
(NJ4-Bis(2-hydroxyeth3d)glycine), HEPBS (2-Hydroxy4,l-bis[bydro3qmethyl]etfayl)anu^ 
1-propanesulfonic acid) , TAPS ([Oi-Hyctoxy-l,l-bis[bydroxymeaiyl]efliyl)amino]-l- 
propanesulfonic acid), and AMPD (2-Amino-2-metiiyl-13-pK>panediol),N-(2- 
Hydroxyethyl)piperazine-N'-(4-butanesulfomc acid)). The pH buffering agent is added to a 
concentration that provides effective pH buffering, such as fix>m about 50 to about 150 mM, 
about 75 mM to about 125 mM, or about 100 mM. 
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[0048] The redox reagents included in tiie refolding buffer must be effective in 

^shuffling' cysteine sulfibtydryl groups between their oxidized and reduced states. The redox 
environment of the refolding reaction may be adjusted by manipulating the concentration of 
the redox reagents. When tiie redox reagents are oxidized and reduced glutathione (GSSO and 
GSH, respectively), the inventor has found that useful concentrations include about 0,1 mM to 
about 1 1 mM and useful ratios include about 10:1, about 5:1, and about 1:1 (GSSO:GSH). 
[00491 The divalent cation chelator may be any molecule that effectively chelates Ca^ 

and other divalent cations. Exemplary cation chelators for use in the refolding buffer include 
ethylenediaminetetraacetic acid (EDTA) or ethylene glycol-bis(2-aminoethylether)- 
NJ^,N' J4'-tetraacetic acid(EGTA). When EDTA or EDTA is the divalent cation chelator, it 
is added to the refolding buffer at a concentration of about 0.5 to about 5 mM, and conmionly 
at about 1 mM. 

[0050] Additional components useful in the refolding buffer include free-radical 

scavengers and detergents. A fiee-radical scavenger may be added to reduce or eliminate 
firee-radical-mediated protein damage, particularly if urea is used as the chaotroph and it is 
expected tiiat a urea-containing protein solution vdll be stored for any significant period of 
time. .Suitable free-radical scavengers include glycine (e.g., at about 0.5 to about 2 mM, or 
' about 1 inM). • Low concentrations of detergents may also be added to the refolding buffer, 
such as about 0.01% to about 0.1% TWEEN® 20. 

[0051] .The pH of the refolding solution is then slowly reduced &om elevated pH to 
near neutral pHusmg an appropriate acid. The tune period for pH reduction can range firom ^ 
about 20-24 hours to about 1 0 days, about 20 to about 50 hours, about 20 to about 40 hours, 
about 20 to about 30 hours, about 24 to about 40 hours. Hie time period for pH reduction can 
be at least any of about 20 hours, about 24 hours, about 30 hours, about 40 hours, aboyt 50 
hours. Ai^priale adds for pHadjustm»twiUdq)end on the pH buffer used in 
refolding buffer. For example, when the pH buffering agent is tris, the pH should be adjusted 
with hydrochloric add (HCI). 

[0052] Following completion of pH adjustment, the refolding reaction is incubated for 
a period of about one to two hours to about 1 8 to 24 hours. The refolding reaction may be 
canied out at room temperature about 18-20® C) or at slightly reduced temperatures 
(e,g,, about 14-16® C), depending on the preferences of the practitioner and the available 
facilities. 

[0053] Following the refolding reaction, properly refolded pro-urokinase may be 

concentrated, fiirther purified, and/or the protein may be proteolytically processed (e.g., with 
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plasmin) to produce mature uroldiiase. Concentration of the refolded protein may be 
accomplished usuig any convenient technique, such as ultrafiltration, diafilitradon, 
chromatography (e.g., ion-exchange, hydrophobic mteraction, or afSnity chromatogr^hy) and 
the like. The concentration step may also include a buffer exchange process, if so desked 
Where practical, it is preferred that concentration be carried out at reduced temperature (e.g. , 
about 4-10^0). 

[0054] While any convenient purification protocol may be used, the inventor has 
utilized a simple procedure vMch utilizes two chromatogr^hic steps, an initial size-exclusion 
chromatography step and a final ion exchange cbromato^phy step. In some embodiments, a 
heparin af&nity chromatography is used for purification. The heparin aflSnity chromatography 
may involve binding of the refolded protein to immobilized heparin. In other embodiments, a 
hydroxyapatite chromatography is used for purification. The hydroxyapatite chromatography 
may be used following a heparin affinity chromatography. As with concentration (and 
optional buffer exchange), the purification step(s) may be carried out at reduced temperature, 
such as 4° C. 

[0055] . Size exclusion chromatography (SEG) may be performed using any convenient 
chromatography medium which separates properly folded pro-urokinase from unfolded pro- 
urokmase and multimeric pro-urokinase. The inventor has found that media having the ability 
to size firactionate proteins of about 10"^ to about 6 x 10^ daltons (globular proteins) are usefiil 
for ^ step. Exemplary SEC media include Sephacryl® 300 and Superdex™ 200. This step 
may also be used to perform buffer exchange, if so desu:ed. The ^cact conditions for SEC will 
depend on the exact chromatograiAy media selected, "Aether buffer ^change is to be 
accoxnpUshed, the requirements of any later purification steps, an^ 
those of skill m the art 

[0056] The properly folded pro-urokinase may be finrther purified 
exchange chromatogrq>hy. An exemplary cation exchange chromatography step utilizes an 
exdiange resm derivatized wilfa sulfopropyl gfovps (a strong cation exdianger). . The column 
is loaded in low salt condition^ washed under low salt conditions, and duted in elevated salt 
conditions. WhenguanidineHClisusedasthechaotroph,11ienuiterialfi:omfheSEC^^ 
should be diluted to reduce the guanidmeHCl concentration to less than ^ Aswith 
SEC, the exact conditions for lEC will depend on the exact diromiatography media selected, 
whether buffer exchange is to be accomplished, the requirements of any later purification 
steps, and other factors known to those of skill in the art Generally, loading conditions will 
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have low ionic strength and a lower pH {e.g. , pH about 6 to 7), and high concentrations of 
chaotioph should be avoided. 

[0057] The properly refolded pro-uroldnase may be further purified vdth heparin 
affinity chroniatography and/or hydroxyapatite chromatography. Heparin afGnity . 
chromatography may be performed witti any immobilized heparin. Exemplary media include 
Heparin Hyper^ M, HiTrap^ Heparin HP and the like. Exemplary media for hydroxyapatite 
chromatography is CHT-II hydroxyapatite (BioRad). 

[0058] In some embodiments, the refolded pro-urokinase (in refolding buffer) is 

diluted 5 fold with 25 mM HEPES pH 7.0, and loaded directly on a column with immobilized 
heparin such as heparin-sepharose (Pharmacia/Amersham). Before loading of the refolded 
pro-urokinase, the column is first equilibrated in a low salt buffer with no chelators or primary 
or secondary amines, for example, 50 mM Hepes, 25 mM KaCl, pH 7.0. After the pro- 
urokinase is bound to the colimm, the column is washed with 10 colunm volumes of tiie buffer 
used for equilibration. Next, the colunm is washed with the same buffer with the KaCl 
concentration raised to 125 niM in order to elute impurities. Finally, pro-uroldnase is eluted 
form the column with'SOmM Hepes, 500 mMNaCl,pH 7.0. Bu£f(^ used for heparin affinity ' 
..diionmtography may optionaUy include 0.1 mM beza^ 

* contain pro-urokina3e are pooled and iq>plied to a hydroxyapatite column. Before loading the * 
hydroxyapatite coluhm is first equilibrated in SO mM HEPES, pH 7.^^ 
loading &e pro-urokinase, the colunm is washed with &e equiUbration 
protein elutes. The column is then washed in SO mM HEPES pH 7.0, 150 mM NaCl, 100 mM 
sodium phosphate pH 7.0; washing is continued until no more protem elutes. Finally, pro- 
urokmase is eluted &om the column with a huSsr containmg 50 mM HEPES pH 7.0, 1 SO mM 
NaCl, 500 mM sodium phosphate pH 7.0. 

[0059] The purified refolded pio-urokinase can be stored at 4^C or -20*'C in solution. 

In some embodiments, the pro-urokinase is stored in a bufifer containing ^ 

about 0.2 M NaCl, and about 10-20% glycerol at about pH 7.4. The inventor has observed 

tbat pro-uroldnase generated in accordance with the invration can be stored at -20°C in 20 

mM tris, 0.2 M NaCl, and 20% glycerol, pH 7.4 for more than six mon&s. 

[0060] Urokinase may be produced from the refolded pro-urokinase produced by the 

instant invention utilizing any method known in the art, such as plasmin digestion. Plasmin 

processing of pro-urokmase is well known in the art, and may be performed using any 

convenient method. Example 3, herein, describes one useful method utilizing plasmin 
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(incubation vnih plasmin (0. 1 ^g/mL) for 60 minutes at 37 ° C, followed by addition of an 
excess of protease inhibitor such as 12,500 lU/mL of aprotinin). Alternately, the pro- 
urokinase may be processed to urokinase using plasmin bound to a solid phase. 
[0061] Activity of urokinase produced from the properly folded recombinant pro- 
urokinase produced in accordance with the invention may be measured using any acceptable 
assay method. An exemplary method of measuring urokinase activity is the method \ised in 
Example 3, herein, which xitilizes activation of the pro-urokinase to urokinase by plasmin 
digestion, followed by measurement of urokinase activity using the chromogenic substrate S- 
2444 (Wang et al., 2000, Thromb. Res. 100:461-67; Orsini et al., 1991, Eur. J. Block 
195:691-97). 

[0062] As is well understood in the art, all concentrations and pH values need not be . 

exact and reference to a given value reflects standard usage in the art, does not mean that the 
value cannot vary. 

[0063] The invention also provides compositions comprising pro-urokinase or 

urokinase produced by the methods described herein. The invention also provides 
pharmaceutical conq>ositions comprising an effective amount of pro-urokinase or uroldnase ' 
produced by the methods of tiie invention, and a pharmaceutically acceptable carrier.. 
Pharmaceutically aix^e|ytable carriers are known in the a^ 
[0064] . The foUowingexainples provide a detailed desaiption of the prddi^ 
pn>perly folded recombmantpro-urokmasem accordance w^ * 
and tiie characterization thereof. These examples are not intended to limit the invention m any 
way. 

EXAMPLES 

Kvflmplfl 1: Refoldin R an^ piir jification of recombina nt pm>iirnkinflJM> 

[0065] Example 1 A A DNA fragment encodmg human pro-urokinase was produced 
by PGR amplification of a kidney cDNA library using primens UK-1 (S*- 
CATATGTa:AACOAAClXK:ACCAGGTTCCATCGAACT [SEQID 
N0:3]) and UK.2 (5'-CrCOAGTTAGAGGGCCAGOCCATTCTCTTC-3' [SEQ ID N0:4]). 
Primer UK-1 was designed to introduce 6 silent mutations into the pro-urokinase gene that 
increase the efficiency of expression in E, colt 

[0066] The fiiU-length PGR product was cloned mto pGR2, ITOPO (Invitrogen) and 

sequenced from both ends using M13F and M13R primers. The nucleotide and encoded 
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protein sequences are shown in Fig. 1 . The insert was excised by Ndel-Xhol restriction 
digested, gel purified, then cloned into Ndel-Xhol digested pET43 (Novagen). 
[0067] The pro-urokinase expression vector was transfected into BL21 (DBS) strain of 
E. coll and plated on ZB plates with ampicillin. A single colony was selected and used to 
inoculate 100 mL of ZB media (10 g/1 NZ amine A (Sigma) and 5 g/1 NaCl) with ampicillin 
and grown overnight (^proximately 16 hours) at 37° C. The 20 mL of the 100 mL starter 
culture was then used to inoculate 1 L of ZB media with ampicillin, and the culture was 
incubated at 37° C with shaking until the optical density at 600 ma (ODeoo) reached 0.4-0.6. 
Isopropyl-beta-D-thiogalactopyranoside (IPTG) was then added to 0.5 mM to induce pro- 
xiroldnase expression, and the culture was incubated a further three hours with shaking. 
[0068] Cells were collected by centrifugation, then resuspended in 20 mL of TN (1 50 

mM NaCl, 50 mM tris, pH 8.0) with 1% TRITON X-100®. Ten milligrams of lysosyme was 
added, and the cell suspension was firozen at -20° C overnight The lysate was then thawed 
and 20 (iL of 1 M magnesium sul&te and 100 )ig of DNase was added Thecellswere 
incubated, with stimng, until tiie released bacterial DNA was completely dissolved 
[0069] . The lysate was then diluted wilh.250 mL of TN with 1% TRITON X-100® and 
tiie mixture was stirred for 2-4 hours. Inclusion bodies were collected by centrifogation, and 
washed three times (by resuspensioni and centrifugati^ 

[007Q] The washed inclusion bodies were dissolved in 10 mL of urea solution (8 
urea, 100 mM tris, 1 mM glycme, pH 10), and P-mercq)toethanol (BME) was added to 100 
mM. The solution was clarified by ultracientrifugation (30 minutes x 66,000^, then refolded 
hi another e^riment, the urea solution was pH 10.5. 

[0071] Refolding was performed by first rapidly diluting the clarified solution witibi (by 
adding the clarified solution into) 20 volumes of 20 mM tris, 0.2 M arginine, 1 M guanidine 
HCl, Im M EDTA, initially adjusting tiie pH to 10, then gradually reducmg the pH to 8.0. 
The pH reduction was carried out by reducing the pH by 0 .2 pH units every four hours using 6 
MHCl. 

[0072] The refolded product was concentrated by ultrafiltration (Millipore Pellicon, 
10,000 Da cut-off membrane), then subjected to SEC using a SEPHACRYL® S-300 colunm 
equilibrated with 10 mM tris, 0.4 M urea, 1 M guanidine HCl, 0.2 M argmme, and 1 mM 
EDTA, pH 8.0. 

[0073] Additional purification was obtained by DBC, using a SP Sepharoase FF 

column equilibrated with phosphate buffer and eluted with a zero to 1 M NaCl gradient 
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[0074] The final product was stored refiigerated (4** C) and firozen (-20** C) in 20 mM 

tris, 0,4 M urea, 1 txM EDTA, and 20% glycerol, pH 8.0. 

[0075] Example IB. A syntfietic nucleotide sequence [SEQ ID N0:5] (shown in 
Figure 3) encoding human pro-urokinase was also used for ejqjressing the human pro- 
urokinase proteicu This synthetic nucleotide sequence was designed to optimize the gene 
^q>ression in E. coli by optunizing codon usage in E. coli e?q)ression and takuig consideration 
of RNA secondary structures. 

Example 2: Purification of recombinant pro-urokinase bv heparin affinity chromatopraphv and 
hvdroxvapatite chromatography 

[0076] The refolded pro-iu:okinase produced as described in Example 1 was 

concentrated by ultrafiltration (Millipore Pellicon, 10,000 Da cut-off membrane), then 
subjected to SEC using a SEPHACRYL(& S-300 column equilibrated with 10 mM tris, 0.4 M 
urea, 1 M guanidine HCl, 0.2 M argmine, and 1 mM EDTA, pH 8.0. By this chromatography, 
the refolded pro-urokinase was separated from misfolded high molecular weight aggregate. 
[0077] • ]gractioiis fix>m the S-300 column containing the pro-iirokinase were pooled^* 
diluted S fold witfa.2S mM HEPES pH 7.0, and applied to an afBnity column of HiTrap:^* 
Heparin HP sepharose (Phaimada/Ameri^iam). The heparin affinity column was first 
equilibrated in 25 mM HEPES pH 7.0, 25 mM NaCl. After loading the sample, the colunm 
was washed with the equilibration buffer until no finlher protein was detected in flie eluate. 
The column was then washed with 25 mM HEPES pH 7.0, 1 25 mM NaCl until no fiirther 
protein was detected in fhe eluate. The pro-urokinase was then eluted with a buffer containing 
25 mM HEPES pH 7.0, 500 mM NaCl. Fractions containing pro-urokinase were then pooled 
and q)plied directly to a BioRad CHTIIhydro^^^atite colunm. The hydroxyapadte column 
had been equilibrated in 50 mM HEPES pH 7.0, 100 mM NaCl, 10 mM sodium phosphate pH 
7.0. After loading tiie pro-urokinase, the column was washed in tiie equilibration buffer until 
no more protem could be detected m fhe elulate. The column was ften washed with SO mM 
HEPES pH 7.0, 1 00 mM NaCl, 100 mM sodium phosphate pH 7.0 until no protein was 
detected in fhe eluate. The pro-un>kinase was fhCTelutedfix>m fhe column with a buffer 
containing 50 mM HEPES pH 7.0, 100 mM NaCl, 500 mM sodium phosphate pH 7.0. The 
pooled fiactions containing the pro-urokinase were then dialyzed into 50 mM HEPES pH 7.0, 
150 mM NaCl, 0.1 mM bezamidine, 10 % (v/v) glycerol and stored at 4^C. 
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Example 3: Characterization of recombinant uroldDase 

[0078] Purified human pio-uioldnase, produced as described in Example 1, was 
diluted to 1 fiM in 50 mM tris, 50 mM NaCl, 0,01% TWEEN® 20, pH 8.9, and converted to 
urokinase by incubation with plasmin (0. 1 fig/mL) for 60 minutes at 37 ° C. The reaction was 
stopped by addition of excess (12,500 lU/mL) J^rotinin. 

[0079] Enzymatic activity was measured by diluting the urokinase 1 0-fold and 

incubating with various concentrations of the chromagenic substrate S-2444 (pyro-Glu-Gly- 
Arg-pNA, DiaPharma) and measuring the production of free pNA by monitoring absorbance 
at 405 nm (A405). Results were plotted using a Hanes plot A sample of a urokinase 
international standard (obtained from NIBSC/WHO) was run in parallel to allow for 
calculation of iactivity in international units (lU). 

[0080] The Hanes plot is shown in Fig. 2. The purified urokinase had activity of 
100,000 lU/mg Ct 9,5%), Kcat/Km (min pM)"* of 2,9, Kcat (min)"* of 196, and Km(nM) of 
68. 

Example ^ ' PrfnMm g, purification and characterization of a mutant human pnPurokinase 
[0081] A mutant human pn^urokmase which has Lys^^ substituted by His (K300H) 

was produced and refolded. SubsthutingLys^^l^ His for pro-urokinase is described in U.S. 
PaL No. 5,472,692 and Sun ct al., X Biol. Chem. 27223818-23823 (1997). 
[0082] The DNA fragment encoding human pro-urokinase shown in Figure 1 was used 

for site-directed mutagenesis to replace Lys^^ with His. The mutagenesis was accomplished 
using standard PGR techniques employing the Stratagene QuikChange® Site-Directed 
Mutagenesis Kit and primers 5' alcactggctttggacacgagaattctaccgac3' [SEQ ID N0:6] and 5' 
gtcggtagaattctcgtgtccaaagccagtgat3' [SEQ ID N0:7]. The DNA fi»gment was cloned into 
expression vector pCR2.1T0P0 (Invitrogen) and sequenced fix)m both ends as described in 
Example 1 . The insert was then excised by Ndel-Xhol restriction digested^ gel purified, then 
cloned into NdelrXhoI digested pET43 (Novagen). 

[0083] The expression vector encoding the mutant pro-urokinase was transfected into 

£. coli and inclusion bodies containing mutant pro-urokinase K300H were generated as 
described in Example 1 . Mutant pro-urokiaase K300H firom the inclusion bodies was then 
refolded. Briefly, the washed inclusion bodies were dissolved in 10 mL of urea solution (8M 
urea, 100 mM tris, 1 mM glycine, pH 10), and then diluted in 8M urea, 100 mM tris, 1 mM 
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glycine, 10 mM beta-mercaptoethanol, 10 mM DTT, 1 mM reduced glutatfaion (GSH), 0.1 
mM oxidized glutathion (GSSG), pH 10.0 until the Am of the solution reached 2.0. 
Refolding was then performed by first rapidly diluting the clarified solution with (by adding 
the clarified solution into) 20 volumes of 20 mM tris, 0.2 M arginine, 1 M guanidine HCl, Im 
M EDTA, initially adjusting the pH to 1 0, then gradually reducing the pH to 8.0. The pH 
reduction was carried out by reducing the pH by 0.2 pH units every four hours using 6 M HCL 
[0084] The refolded product was purified using methods described in Example 1 . An 

additional purification step utilizing p-amino benzamidine affinity chromatography was 
included subsequent to the purification steps described in Example 1 to remove any trace of 
activated urokinase from the pro-urokinase. To accomplish this, NaCl was added to pro- 
urokinase stored in 20 mM tris, 0.4 M urea, 20 % glycerol, pH 8.0 to raise the NaCl 
concentration to 0.5M . The pro-urokinase was then loaded onto the p-amino benzamidine 
column (purchased fiom Sigma) pre-equilibrated in identical buffer. Only pro-urokinase that 
did not bind to the p-aminobenzamidine column was utilized for kinetic characterization. 
Purified mutant human pro-urokinase and wild type pro-uiDkinase(proUK) were diluted to 1 
jiM in 50 mM tris, 50 mM NaCl, 0,01% TWEEN® 20, pH 8.9 and were tested for theu: • 
kinetic parameters using substrate S-2444 (pyro-Olu-Oly-Arg-pNA, DiaPharma) and 
measuring the production of fi:ee pNA by monitoring absorbance at 405 nm (A40S) at 21^C as 
described in Example 3. The kmelic parameters were determined usmgaHoftseeplot Table 
1 shows &e kinetic parameters of wild type proUK and mutant K300H that have 
activated by plasmin. 



Table 1 . Comparison of kinetic parameters for wild type proUK and mutant K300H 



TypeofproUK 


Km(pM) 


KcatCmin-^) 


KcaJ/KmOiMminy' 


Wild^pioUK 


13S 


0.158 


1.17x10'^ 


K300H 


130 


0.040 


3.07x10-* 



[0085] The kinetic parameters of the wild type proUK and mutant K300H were also 
determined after ihsy were activated by plasmin and converted to urokmase as described in 
Example 3. Table 2 shows the kinetic parameters of plasmm-^ctivated wild type proUK and 
mutant K300H. 
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Table 2. Comparison of kinetic parameters for plasmin-activated wild type proUK and 
mutant K300H 



Type of proUK 


Km(MM) 


Kcat(imn') 


Kcat/Km(pMmin)"' 


Activated wild 
^pepioUK 


27.9 


250 


8.96 


Activated K300H 


22.5 


218 


9.69 



[0086] As shown in Table 1 , the catalytic efSciency (Kcat/Km) for non-activated 
(zymogenic) mutant K300H was 26% less efBcient as compared to non-activated wild type 
proUK. When mutant K300H is activated, it was more catalytically efficient (108%) than the 
activated wild type proUK. 

[0087] Althougih tiie foregoing invention has been described in some detail by way of 
illustration and example for purposes of clarity and understanding, it will be apparent to those 
skiUed in the art tiiat certain changes and modifications may be practiced. Therefore, 
descriptions and examples should not be construed as limiting the scope of the invention, 
which is delineated by the appended claims. 
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CLAIMS 

I claim: 

1 . A method of producing refolded recombinant pro-urokinase, comprising: 

(a) solubilizing pro-uroWnase protein with a solubilization buffer, said solubilization 
buffer comprising a high concentration of chaotroph, a reducing agent, and having a pH of 
about 9.0 to about 1 1 ,0, thereby producing a solubilized pro-uroldnase solution; 

(b) r£^idly diluting said solubilized pro-urokinase solution with refolding buffer by 
adding said solubilized pro-uroldnase solution into the refolding buffer, thereby producing a 
diluted solubilized pro-urokinase solution; 

(c) reducing the pH of the diluted solubilized pro-urokinase solution to a pH of about 
7.5 to about 8.5, wherem said pH reducing is carried out over a period of at least about 20 
hours, thereby producmg refolded pro*urokinase. 

2. The method of claim 1 , wherein said pro-urokinase is human pro-urokinase. 

3. The method of claim 1, \^erein said chaotroph is urea 

4. The method dfclam 3, wherein said urea is at about 8 M concentration. 

5. The method of claim 1, wherem said chaotroph is guanidine hydrochloride. 

6. The method ofclaim 5, wherein said guanidine hydrochloride is at about 6 M 
concCTtration. 

7. The method ofclaim 1, wherein said solubilization buffer is pH about 10.0 to 
about 10.5. 

8. The method ofclaim 1, wheiein the pH of tiie diluted solubilized pro-urokinase 
solution is reduced to about pH 8.0. 

9. The method of claim 1 , said method further comprising adjusting the A28O of 
the solubilized pro-urokinase solution to about 2.0 to about 5.0 before step (b). 
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10. The method of claim 9, vvfaerein the A280 of the solubilized pro-urokinase 
solution is adjusted by diluting the solubilized pro-urokinase solution in a buffer comprising 
about 8 M urea, about 10 mM p-meicaptoethanol, about 10 mM ditiiiotbreitol (DTT), about 1 
mM reduced glutathion (GSH), and about 0.1 mM oxidized glutathion (GSSG) at pH about 10 
to about 10.5. 

1 1 . The method of claim 1 , wherein the solubilized pro-urokinase solution is 
diluted into about twenty-fold refolding buflfe:. 

12. The method of claim 1, v^erein the refolding buffer comprises urea at about 
0.8 M to about 2.S M and arginine at about O.OS M to about l.S M. 

13. The method of claim 12, wherein said refolding buffer comprises urea at about 
2.0 M and arginine at about 02 M. 

14. . The method of claim 1, wherein the refolding buffer comprises guanidine HCl 
at about 1 M and arginine at about 0.2 M. 

15. The method of claim 1, vdierein said solubilization buffer comprises about 8 M 
urea and about 100 mM beta-mercaptoethanol and has a pH of about 10.5; said solubilized 
pro-urokinase solution is adjusted to A2go of about 5.0 then r^idly diluted into about 20 fold 
refolding buffer, and said refolding buff<^ comprises about 2 M urea, about 0.2 M arginine. 

16. The method of claim 1, wherein said solubilization buffer comprises about 8 M 
urea and about 100 mM beta-merc£q[>toethanol and has a pH of about 10.5; said solubilized 
pro-urokinase solution is adjusted to A280 of about 5.0 then rsqpidly diluted into about 20 fold 
refoldmg buffer, and said rdfolding buffer comprises about 1 M guanidine HCl, about 0 2 M 
arginine. 

1 7. The method of claim 1 , further comprising lysing bacterial host cells 
comprising denatured pro-urokinase protein and collecting said denatured pro-urokinase 
protein. 
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1 8. The method of claim 17, further comprismg washing said denatured pro- 
urokinase protein. 



19. The method of claim 1 , further comprising purifying said refolded pro- 
urokinase. 

20. The method of claim 1 9, wherein said refolded pro-urokinase is purified by 
size exclusion chromatography (SEC). 

21 . The method of claim 19, wherein said refolded pro-urokinase is purified by ion 
exchange chromatography QEC). 

22. The method of claim 19, wherein said refolded pro-urokinase is purified by 
heparin affinity chromatogrs^hy. 

23; The method ofclaim 19, wherein said refolded pro-urokmase is purified by 
hydroxyapatite chromatogn^hy. 

24. A compoation comprising refolded pro-urokioase, produced by the method of 
claim 1. 
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Fig. la 

CAT ATQ 
M 

TCC AAC GAA CTGf CAC CAG GTT CC&TCQAACTGTqACTOTCT AAATGQAGQAACATGTGTG 
S K E Xi H Q VPSNCDCLNGGTCV 

130 140 150 160 170 180 

I I. 1 II I 

TCxyuicsuuyrACTTcrrccAACATTc^ 

SNKYFSNIHKCNCPK KPQGQ 
190 200 210 220 230 240 

I I I I I I 

CACTGTGIVAATAQATAAGTCAAAAACCTGCIJ^^ 
HCEIDKS KTCYE GNOHFYRG 

250 260 270 280 290 300 

I I I t I I 

AAGGCaUKaierGACACCATGGGCCGOCCCrGC^^ 
KASTDTMGRPCLPWNSATVL 

310 320 330 340 350 360 

I I I I I I 

QQTYHAHRSDALQXiGIiGKHH 
370 380 390 400 410 420 

I I I I I I 

TACnxacaVGQAAOXa^aUlCCGGAJCKKXS^ 
YCRHPDNRRRPWCYVQVGLK 

430 440 450 460 470 480 

I I I I I I 

CTGCTTGTCCAAOAGTGGAraGTQC^^ 
LIiVQECMVHD CAPGKKPSSP 

490 500 510 520 -530 540 

1 11 I i I 
. CCAGAAGAATTAAAATraCJAGTGTGGCC^^ 

■ pEBLKP.QCQQKTLRP R PKI I 

550 560 ' 570 580 590 600 

I I I 11 I 

GOaGGAGAATTCACCACCATaSAGAACKSUKXXrrGGTTTO 
GGBFTTIBNQPWPAAIYRRH 

610 620 630 640 650 660 

I I I I I I 

CGoaaGGGcrrcTaTCACcrAasTGTGTaGA^ 

RGGSVTYVCGGSLIS P 'CWVI 
670 680 690 700 710 720 

I I I I I I 

AGOSCaVCACACTOCTTCATTGATTACCaUUVGAAGQAOT 
SATHCPIDYPKKEDYIVYLG 
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Fig. lb 
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I I I I I I 

aSCTOUlGGCTTAACTCaUlCACGCAAaGGaAG^ 
RSRLKSNTQ06MKFEVENLI 



790 800 810 820 830 840 

I i I I I I 

IiHKDYSADTIiAHHN D lALLK 

'850 860 870 880 890 900 

I I I I I I 

ATCOGTTCX:AAGaA<KKK3lGOTCnXK^ 
IH8KEGRCAQPSRTIQTI CL 

910 920 930 940 950 960 

I I I I I I 

OCXrrOGATGmXAAOGATOC^^ 
PSMYN DPQFOTSCEITOFG K 

970 980 990 .1000 1010 1020 

I I I I I I 

GAQAAarKTEACCGAClMXr^^ 

BNSTDYLYPEQLKMTVVKLZ 



1030 1040 1050 1060 1070 1080 

i I I I I i 

TCXX3lCa3GGAGTGTCaiaCAGCCCCACT^ 

SH. RECQQPHY YGSEVTTKML 



1090 1100 1110 1120 1130 1140 

\ I I I I I 

TGTGCrraCIXSACXXIIACAGTGGAAAACA^ 
CAADPQWKTDSCQGDSGGPL 



1150 1160 1170 1180 1190 1200 

i I I I I 1 

GTCTGTTCCCIXXa^GGCX^Ga^^ 
VCSLQG RM TIiTGIVS H GRGC 

1210 1220 1230 . 1240 1250 1260 

I I I I I 1 

GCCXrrOAAGGACAAGCCAGGCGTCTACS^ 

ALKDKPGVYTRV8HFLPHXR 



1270 1280 1290 1300 1310 1320 

I.I I I I I 

AGTCA(3VCCAA GQAAQA<3AATCGCXyroGCGCTCTAA CTC GAG 

8H TKEBHGLAL* 
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Fig. 2 
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Fig. 3 



atgagcaatgaactgcatcaggttccgagcaactgtgattgtctgaatggtggcacc 

MS NEliHQVPSNCDCIiNOGT 
tgtgtgagcaacaaatacttcagcaacattcactggtgcaactgcccgaaaaaattcggt 

CVSNKYFSNIHWCNCPKKPG 
ggccagcactgtgaaatcgataaaagcaaaacctgctatgaaggcaatggtcacttttac 

GQHCEIDKSKTCYEGNGHPy 
cgcggcaaagccagcaccgataccatgggccgtccgtgcctgccgtggaacagcgccacc 

ROKASTDT MGRPCI.PWNSAT 
gttctgcagcagacctaccatgcccaccgtagcgatgcgctgcagctgggcctgggtaaa 

VLQQTY HAHRSPAIiQIiOLOK 
cataattactgccgcaacccggataaccgtcgtcgtccgtggtgctatgtgcaggtgggc 

HNYCRN PDKRRRPWC YVQVG 
ctgaaaccgctggttcaggaatgcatggtgcatgattgcgcggatggtaaaaaaccgagc 

LKPIiVQECMVHDCADGKKPS 
agcccgccggaagaactgaaattccagtgtggccagaaaaccctgcgtccgcgctttaaa 

SPPBEIiKFQCGQKTIiRPRPK 
attattggcggcgaattcaccaccatcgaaaaccagccgtggtttgcggccatctaccgt 

IIGQEFTTIBNQPWFAAIYR 
cgtcaccgtggtggcagcgttacctacgtgtgtggtggcagcctgatcagcccgtgctgg 

RHRGGSVTYVCGGSIiI SPCM 
gtgatcagcgccacccactgcttcattgattacccgaaaaaagaagattacatcgtttac 

VISATHqPIDYPKKEDYIVY 
ctgggtcgcagccgtctgaacagcaacacccagggcgaaatgaaatttgaagtggaaaac 

LGRSRLNSNTQGEMKFBVEN 
ctgatcctgcacaaagattacagcgcggataccctggcgcaccacaacgatattgccctg 

lilliHKDYSADTIiAH HHDIAL 
ctgaaaatccgtagcaaagaaggccgttgtgcgcagccgagccgcaccatccagaccatc 

IiKIRSKEGRCAQ PSRTIQTI 
tgcctgccgagcatgtataacgatccgcagtttggcaccagctgtgaaatcaccggcttt 

CLPSMYNDPQ.FGTSCEITGF 
ggcaaagaaaatagcaccgattatctgtatccggaacagctgaaaatgaccgttgtgaaa 

GKENSTDYIiYPBQLK MTVVK 
ctgattagccaccgtgaatgtcagcagccgcactactacggcagcgaagtgaccaccaaa 

I.ISHRECQQPHYYGSEVT TK 
atgctgtgtgcggcggatccgcagtggaaaaccgatagctgccagggtgatagcggtggt 

MLCAADPQWKTDSCQGDSG G 
ccgctggtttgtagcctgcagtgccgcatgaccctgaccggtattgtgagctggggccgt 

PliV CSLQCRMTIiTGIVSWGR 
ggttgtgccctgaaagataaaccgggcgtttacacccgtgttagccacttcctgccgtgg 

GCALKDKPGVYTRVSHFIjP W 
atccgcagccacaccaaagaagaaaatggcctggcactgtaa 

IRSHTKEENQIiAL- 
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